Introduction
Acute pancreatitis is a serious gastroenterological disease characterized by inflammation and damage of the exocrine pancreas. It is generally self-limiting, but in up to 20% of the cases severe clinical complications develop resulting in severe acute pancreatitis with a resulting mortality rate of up to 30% (25, 39, 40) . Severe acute pancreatitis is associated with systemic inflammation, multiorgan failure, and high mortality. Unfortunately, there is currently no specific pharmacotherapy to treat or prevent the progression of this disease.
The most common etiological factors associated with acute pancreatitis in adults are gallstones and alcohol abuse, although in 20-30% of cases the cause is not known (6) . In contrast, common etiologic factors in children include drugs, infections, trauma, and anatomical abnormalities (32) . Interestingly, in a review of the literature Benifla and Weizman reported that approximately 10% of pediatric cases of acute pancreatitis resulted from viral infections (3) .
A number of viruses are known to replicate in the pancreas and cause pancreatitis; among these are the coxsackieviruses (26) . Coxsackieviruses are enteroviruses that are most commonly associated with myocarditis in humans.
Coxsackieviruses are divided into two groups A and B, consisting of 24 and 6 serotypes respectively. The group B coxsackieviruses are common human pathogens. Although typically associated with heart disease, these viruses have been isolated from the pancreata of patients with pancreatitis (11, 26, 46) . Furthermore, coxsackieviruses have been shown to replicate to high titers in the pancreas and cause extensive pancreatic tissue damage in experimental animal models (30, 34) . In fact, in mice, if these viruses do not replicate to high titer in the pancreas, they do not cause heart disease (13, 34) . Also, outbreaks of coxsackievirus-associated infections have been associated with increased cases of pancreatitis (20, 21) . Although viral infection is a more common cause of acute pancreatitis in children, individual case studies have established coxsackievirus as a cause of acute pancreatitis in adults (7, 9, 16) . Additionally, several studies have detected elevated antibody titers against coxsackievirus among patients with acute pancreatitis (2, 4, 23) . Over a five-year period, Ozsvar et al. observed elevated antibody titers against coxsackieviruses in 34% of patients presenting with acute, recurrent, or chronic pancreatitis (23) . Thus, it is evident that coxsackievirus infection of humans can cause acute pancreatitis. 2 Regardless of the etiology of acute pancreatitis, the seminal event responsible for initiation of the disease is thought to be common to all, namely the inappropriate activation of pancreatic digestive enzymes and autodigestion of the organ (36) . A number of preclinical animal models of acute pancreatitis have been established. These include hyperstimulation of the pancreas with the cholecystokinin ortholog, caerulein, bile duct ligation, infusion of bile salts into the pancreatic duct, altered diets, and administration of basic amino acids (17) . Although a tremendous amount of information regarding the molecular events that result in acute pancreatitis has been gained using these models, none of these insults to the pancreas occur in humans. Therefore, the physiologic relevance of these models to acute pancreatitis in humans is not clear. Because of this, one of the limitations in the study of pancreatic injury and acute pancreatitis in humans is the paucity of animal models that are biologically relevant to acute pancreatitis in human beings. Using group B serotype 3 coxsackieviruses (CVB3) isolated from individuals that have suffered from CVB3 infections, we have established a model of acute pancreatitis that is physiologically relevant to the disease in humans. 
Materials and Reagents

Materials
Methods
CVB3 viruses are human pathogens (26, 34) . Because of this, when working with CVB3, BSL2 precautions must be used. All work with these viruses should be performed in an approved type II biosafety cabinet, and any potentially contaminated equipment or solid waste must be decontaminated with a 10% bleach solution or by autoclaving. After working with tissues or solutions that may be contaminated with CVB3, all surfaces must be cleaned with a 10% bleach solution.
The CVB3 strains that we use are human pathogens, which have been isolated from individuals that have suffered CVB3 infections. These viruses have not been adapted to mice but 3 cause disease in mice that is similar to that observed in humans (34) . Because of this, we cultivate the virus in cell lines of human origin, normally HeLa cells. If components present in the growth medium are not a concern in experiments this clarified supernatant can be used. 7. If virus devoid of growth medium components is needed, the virus can be further purified by centrifugation through sucrose. Using SW28 tubes, add 12 mL of 30% sucrose, prepared in 1 M NaCl, 50 mM Tris (pH of 7.5). The culture supernatant is carefully dripped down the side of the tube so that it forms a layer on top of the sucrose. In a similar fashion, 4 drops of glycerol are dripped into the tube. (Figure 1) . Most likely, one or more of the wells will contain too many plaques to accurately count or no plaques at all. The titer is expressed as PFU/gram of tissue or PFU/mL (depending on the starting material). 13. The viral titer is determined by counting the number of plaques on three wells of a given dilution. The number of plaques counted is divided by three (number of wells/dilution) and then multiplied by 4 (because only 0.25 mL of viral solution is added to each well). This will yield PFU/g or PFU/mL. 14. Example: A plate containing virus diluted to 10 -6
, 10
, 10 -9 is prepared. On the three 10 -7 wells, 4, 5, and 6 plaques are counted for a total of 15 plaques (Figure 1) .
Calculations:
15 3 * 4 = 20 .
Because the plaques were counted on the 10 
c. Viral Infection and Generation of Pancreatitis
It has been shown that CVB3 replication, as well as the pathogenesis induced by CVB3 infection in the heart of mice is dependent upon the strain of virus and the strain of mice used in the study (12, 42) . It is important to note that the virulence and, perhaps, the course of the disease depend upon the specific strain of virus and the genetic make up of the mice, some virus strains being avirulent and some mouse strains being more resistant to the virus than others (14, 34) . Because of this, the viral inoculum will vary depending on the strain of mice and virus used. If a virulent virus strain is used in a susceptible strain of mice all animals will develop pancreatitis. CVB3/CO and CVB3/28 cause overt pancreatic damage in C57BL/6 or Balb/c mice. In contrast, CVB3/GA infects the pancreas but does not cause histological damage (33, 34) . Mice are maintained on standard lab chow and water ad libitum unless experimental procedures require otherwise. We normally inoculate mice by intraperitoneal (IP) injection of The following day the cells were infected and overlaid with 0.5%agarose/DMEM as described in the text. The plates were incubated for two days, the cells were fixed, the agarose overlays were removed and the cell sheet was stained with crystal violet. There were 15 plaques detected at the 10 -7 dilution therefore the titer of the viral sample was 2 X 10 8 /ml. 5 0.2 mL of virus at a viral titer of 2.5 X 10 6 PFU/mL (5 x 10 5 PFU/mouse) in a type II safety cabinet.
Because CVB3 is a human pathogen, as well as a mouse pathogen infected animals can infect other mice or laboratory personnel. Therefore, after infection, mice are maintained in a designated ABL2 facility. The normal transmission of CVB3 is oral fecal, so food and bedding may be contaminated and must be treated as such.
Histological analysis of pancreatic tissue from mice infected with CVB3 demonstrate extensive inflammation of the exocrine pancreas and acinar cell necrosis in accordance with a classification of moderate acute pancreatitis in humans, high morbidity without mortality. The inflammatory infiltrate is characterized primarily by monocytes (T-cells, B-cells, and natural killer cells) (27, 28) . Although some strains of coxsackievirus have been shown to cause damage to the islets, the vast majority of CVB strains cause extensive damage to the acinar cells but spare the islets and the ducts (19, 45, 46) , (37) . Although there is some controversy regarding the mechanism by which CVB causes pancreatic tissue damage it appears that the damage observed in the pancreata of mice infected with coxsackievirus is the result of virus-induced cytolysis, autodigestion by pancreatic enzymes, and inflammatory cellmediated tissue damage (10, 19, 27, 28) .
In experimentally infected mice, the viral titers in the spleen peak 2-4 days post infection (PI) (30) . Because of the highly vascular nature of the spleen, the titer in the spleen presumably represents the titer in the blood (level of viremia) of infected animals. Serum amylase and lipase levels peak 4 days PI after which they return to near normal levels (30) . The peak in pancreatic tissue damage occurs approximately 6 days PI. Although the majority of the pancreas is affected, unaffected areas can be detected. The affected areas are characterized by extensive necrosis, edema, and infiltration of inflammatory cells (Figure 2C) . Following the peak in damage, the affected areas of the exocrine pancreas demonstrate signs of repair with the reappearance of discernable pancreatic architecture and organization of acinar cells into acini. This repair process is apparent by 8 days PI (Figure 2D) . By twelve days post infection, many areas appear normal. We have observed the accumulation of intrapancreatic fat during the regenerative process of C57BL/6 mice infected with CVB3/CO (Figure 2F) . This fat appears to persist and accumulate over time. Interestingly, this accumulation of fat in the pancreas is attenuated in other strains of mice and total regeneration of the damaged pancreas is observed (45) . Thus, it appears the regenerative response to CVB3 infection in mice is dependent on the strain of mice and perhaps the characteristics of the specific virus strain.
Discussion
We have established a physiologically relevant preclinical model of acute pancreatitis. This model utilizes coxsackieviruses isolated from humans who have suffered from CVB3 infection. Importantly, these viruses are not humanized and recapitulate many of the histologic changes observed in human acute pancreatitis (34) .
In experimentally infected mice, the highest viral titer in the spleen is observed 2-4 days post infection (PI). Because of the highly vascular nature of the spleen, the titer in the spleen presumably represents the titer in the blood (level of viremia) of infected animals. The peak in pancreatic tissue damage occurs approximately 6 days PI. Although the majority of the pancreas is affected, unaffected areas can be detected. The affected areas are characterized by extensive necrosis, edema, and infiltration of inflammatory cells (Figure 2C) . Following the peak in damage, the affected areas of the exocrine pancreas demonstrated signs of repair with the reappearance of discernable pancreatic architecture and organization of acinar cells into acini. This repair process is apparent by 8 days PI. By twelve days post infection, many areas appear normal. We have observed the accumulation of intrapancreatic fat during the 6 regenerative process of C57BL/6 mice infected with CVB3/CO ( Figure 2F) . This fat appears to persist and accumulate over time. Interestingly, this accumulation of fat in the pancreas is attenuated in other strains of mice. Thus, it appears the regenerative response to CVB3 infection in mice is dependent on the strain of mice and the characteristics of the specific virus strain. Interestingly, infection of humans with mumps virus and mice with reovirus 1 and 2 have also been shown to cause fatty replacement of the pancreas (38, 41) .
The accumulation of fat in the pancreata of C57BL/6 mice infected with CVB3/CO may be a useful model for non-alcoholic fatty pancreas disease (NAFPD). Recently, NAFPD has been characterized and associated with diminished pancreatic function and elevated risk of diabetes mellitus (22, 43) . A large cross-sectional study found that fatty pancreas was present in 35% of patients presenting for a medical check-up, demonstrating its prevalence (18) .
Importantly, CVB3 infection normally spares pancreatic islets. Thus, use of this model allows for the study of both exocrine and endocrine disorders of the pancreas in the presence of increased intrapancreatic fat.
Coxsackieviruses have been shown to establish persistent infection with diminished cytopathology in the hearts of experimentally infected mice and naturally infected humans, as well as in the pancreata of infected mice (5, 15, 35) . Thus, it is likely that CVB3 can also persist in the human pancreas. Persistent CVB3 infection of the pancreas may have a role in a number of diseases of the pancreas. For example, elevated antibody titers to coxsackievirus have been reported in patients with chronic pancreatitis (23) . Conversely, it is possible that persistent CVB3 infection perpetuates a low level inflammatory response or that the continued expression of coxsackievirus proteins alters important cellular functions. Therefore, it is possible that persistent CVB3 infection may be involved in other pancreatic diseases such as autoimmune pancreatitis and pancreatic cancer (5). Additionally, the accumulation of fat in the pancreata of C57BL/6 mice infected with CVB3/CO long after the resolution of the acute pancreatic infection could possibly be related to persistent CVB3 infection of the pancreas.
While NAFPD has recently emerged as a significant factor in pancreatic dysfunction, alcohol abuse has long been associated with both acute and chronic pancreatitis. Alcohol abuse is considered the etiology in approximately 35% of cases of acute pancreatitis in adults (39) . It is accepted that alcohol abuse alone is insufficient to incite acute pancreatitis, and, rather than initiate pancreatitis, alcohol serves to sensitize the pancreas to necro-inflammatory disease (1, 24, 29, 44) . Our lab has combined the CVB3-induced model of acute pancreatitis with ethanol administration to mice. We have found that ethanol administration exacerbates CVB3-induced pancreatitis (8, 14, 30) . Of particular importance, use of CVB3-induced acute pancreatitis as a model for alcoholic acute pancreatitis is physiologically relevant to humans, combining ethanol administration with a trigger known to cause acute pancreatitis in humans.
In summary, coxsackieviruses can cause pancreatitis in mice. The extent of the tissue damage and the regeneration of the pancreatic tissue is dependent on the genetic background of the mouse and the strain of the virus. CVB3-induced acute pancreatitis is physiologically relevant to human acute pancreatitis because it utilizes human pathogens known to cause pancreatitis. Induction of CVB3-induced acute pancreatitis is simple, requiring only a single IP injection, avoids invasive procedures, is highly reproducible, and has a low incidence of complications leading to mortality. CVB3 causes a more severe form of acute pancreatitis than the commonly used model of cerulean administration and thus, may have greater utility in studies investigating the efficacy of pharmacologic agents to treat or prevent progression of this disease. This infectious mode of initiating acute pancreatitis is physiologically relevant to cases of human acute pancreatitis, utilizing a human pathogen not adapted to animals. Currently, treatment options for acute pancreatitis are limited and mortality rates have not improved appreciably for several decades; this has been attributed, in part, to the lack of animal models that recapitulate
